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A cell line from fibrosarcoma induced in rat by 3-methylchoran threne was established under stationary culture conditions . The cell line (MC-1 cell line) was maintained with 70 subcultures in vitro for more than two years. The monolayer of the cell line was composed of fibroblastic cells . Electron microscopic observations revealed abundant cytoplasmic filaments and extracellu lar collagen fibers in the slowly growing state, but scarce fibrils in the rapidly growing state.
The cells actively phagocytized extracellular proteins and particles. The amount of mucopolysaccharides on the cell membane increased significantly as compared with other cell lines investigated by ruthenium red stain method and sialic acid assay, and considerably increased in inverse proportion to diminution of growth in the MC-1 cell line.
These morphologic and functional features of the MC-1 cell line altered under some cultural conditions in proportion to its growth rate, and few truly specific signs of the establishment of a cell line except endless cell multiplication after transfers have been revealed by the present experiments. tissue culture; phagocytosis; collagen; mucopolysaccharide Long-term culture of tumor cells has been improved (Paul 1962 ) by the development of biological techniques in the fields of cytology, virology and bio chemistry.
The successful long-term culture of tumor cells outside their hosts was first made by Fischer in 1927. Since then many investigators have succeeded in maintaining cultures of both human and animal tumor cells for a long period outside their hosts. However, only a few systematic studies have been available concerning the cytologic, morphological, and biochemical characteristics (Dobrynin 1963 , Gey et al. 1952 , Moore et al. 1955 , 1962 , 1963 , Yarnane and Kusano 1964, Yamane and Tsuda 1966) . The present paper deals with the cultural features from the view points of growth rate, chromosome constitutions, phagocytic activity and morpho logical observations . The surface alteration of cultured cells has also been regarded as an important clue for elucidating malignancy and transformation (reviewed by Abercrombie and Ambrose 1962, 1964) . The author investigated the appearance of mucopolysaccharide-rich coat on the cell surface in relation to the cell characteris tics, such as condition of cell growth and activity of endocytosis, by using the MC-1 cell line which had abundant mucopolysaccharide deposits on the cell surface.
MATERIALS AND METHODS
Cultural procedure A part of the fibrosarcoma induced by subcutaneous injection of 3-methylcholanthrene in adult male Wistar rat was used as a specimen.
The cell sheets of the specimen were obtained with the explant method according to Yamane's procedure (1967 
Cell morphology
The cultures grown over a cover glass were employed for light microscopy. They were rinsed with 95% methanol and stained with Giemsa solution. 
RESULTS

Culture history
In about three weeks after the initiation of culture, the cell growth decreased independently of the refeeding of the culture medium. About 60 days later, remarkable growth was observed on the fibroblastic cell sheets.
After the first transfer, the cells multiplied without failure, and thereafter they were successfully transferred at intervals of 3 to 7 days. The growth potential of the cell line has been maintained up to the present time (after 570 days in vitro). The cells at the 48th transfer generation showed the doubling time of about 36 hours, and they could multiply even from an inoculum with only 100 cells per ml.
Chromosomal analysis
Chromosomal analysis was carried out at the 43rd and 52nd generation in vitro. The range is shown in Table 1 . It was widely spread, but in a near-diploid range. Metaphase plates of near-diploid (A) and hypertetraploid (B) range are illustrated in Fig. 1 . The karyotype of the modal number cells at 450 culture days had 22 metacentrics, submetacentrics or subtelocentrics, 18 acrocentrics or telocentrics, and sex chromosomes of acrocentrics. Referring to the Hsu's atlas (1967), abnormal chromosomes of medium-sized autosomal metacentric groups were found in 10% of cell population at the 43rd generation in vitro. The incidence of these abnormalities was somewhat higher than the 52nd generation in vitro.
Morphologic characteristics
Microscopic study of the fibrosarcoma in rats induced by 3-methylcholanthrene showed a structure of typical fibrosarcoma which was composed of those arisen from fibroblasts or mesenchyme-like cells of connective tissue. The majority of them showed large spindle cell type with great variations in size, form and nuclear structure. This fibrosarcoma was polymorphous containing frequent mitosis, and bizarre and multinucleated giant cells (Fig. 2) . The cells from the transplanted MC-1 cell line tumor tissue highly resembled the original sarcoma cells. Electron microscopic observation revealed irregular nuclei with some aggregation of nuclear chromatin and prominent nucleoli, and increase of free ribosome particles forming rosette, and phagocytic vacuoles and collagen fibers were found along the cell membrane (Fig. 3) . The monolayer of MC-1 cell line obtained from this fibrosar coma cells was composed of fibroblastic cells, which were fusiform-like in criss crossed arrangements and had round or oval nuclei, and sometimes multinucleated giant cells were contained here (Fig. 4) . This cell line morphologically appeared like that previously reported by Earle (1943). Fig. 5 shows a ultrastructural feature of the MC-1 cell line in the ordinary culture condition. In the MC-1 cell line found at the diminution of growth and in the normal fibroblast grown fully in flask, filaments of about 60-70A width were seen in their cytoplasm. In the peripheral zone they occurred often as dense bundles, and in the deep zone they tended to be more loosely arranged (Figs. 6 and 7). Individual filaments often crossed one another. One the other hand, these cytoplasmic filaments were scarcely noted in the cultured cells at the growing state and in the transplanted MC-1 cell line tumor tissue. Similar filaments were also seen in intracellular spaces, in close apposition with the plasmalemma. The extracellular collagen fibrils were fre quently seen in very close association with the surface of the cell processes containing intracellular fibrils when this cell line is in the state of diminished growth and in the normal rat fibroblast cell in. vitro. When these extracellular fibrils were examined with ruthenium red staining, they were clearly seen to be cross-striated with a banding periodicity (Fig. 8) . The rough ER was irregularly dilated and contained electron-opaque material which showed frequently filamentous struc tures. Numerous autophagozomes and characteristics pinocytic and phagocytic vacuoles of various sizes were present and further accompanied with a large number of small vesicles arranged closely inside the cell membrane . The Golgi apparatus was well-organized. Nuclei had several narrow cytoplasmic invaginations . They showed no abnormalities especially in the slowly growing state of cells which fully formed layers on the glass.
The ruthenium red-stained cell surface (RRS) was visible as an electron dense layer around the cell membrane. The MC-1 cells at the rapidly growing state were covered by thinner and smooth RRS averaged 70A (Fig. 9) , but those at the state of diminished growth of the cell remaining without transfer showed some extensive undulation of the free surface with remarkably thick RRS (Fig. 10) ( Figs. 11 and 12 ). On the other hand, in non-transformed fibroblasts of rat embryos the intraplasmic ingested materials were seldom observed under the same culture condition (Table 2 ). The extent of uptake within the cytoplasma or the attachment to the cell surface of 131I-HSA by the MC-1 cell line, L-cell, HeLa cells and normal fibroblast of rat during endocytosis is shown in Table 3 . A striking increment of radioactivity was found in association with the growing rate of the cell.
Contents of sialic acid on the RDE-labile cell surface
The amount of sialic acid isolated from cultured cells is shown in •õ Under the condition of 3 days culture after transfer.
•ö OD at 530 mƒÊ after RDE treatment of cells.
DISCUSSION
The establishment of in vitro cell lines derived from tumors would contribute much to the development of cancer research (Paul 1962 Table 1 ) . The present MC-1 cell line is characterized by a chromosome mode near diploid range , and chromosomal properties such as number , mode and constitution are fairly stable over a long period of time.
The author studied the rate of uptake of extracellular protein and various colloidal particles in cultured neoplastic or non-neoplastic cells (Tables 2 and 3) . The way and rate of uptake depend on the size and charge of the molecules as well as on the ability to phagocytose extracelhilar proteins or foreign particulate matters are not a function of specific cell lineage but a specific overt property of numerous cells. This agrees with Klintworth's data (1969) . Data on the nitrogen metabolism of tissue culture cells indicated that proteins of the medium were utilized to an important extent by growing normal and tumor cells (Ryser et al. 1962) , and that the tumor cells might display a greater uptake of whole proteins than most normal cells (Ryser et al. 1962 ). The metabolic potentials of fibroblastic cells have been found to differ with their malignancy, growing rate or site of origin (Klintworth 1969) and to exert possibly profound effects on the phagocytic capabilities. The author has considered that the function related to the uptake of extracellular substances depends on the cell surface (Nagura and Asai 1970) as well as on the growing rate of the cell (Table 3) , but not on the establishment of cultured cells. It has been shown that these proteins and particles to induce drinking are bound to the cell surface and carried into the cell by pinocytosis or phagocytosis (Yokomura and Seno 1970) . By freeing a surface layer of cells treated with RDE, attachment of substances and pinocytic or phagocytic activity diminished (Nagura and Asai 1970).
Notwithstanding repeated detailed investigations, morphological signs which are truly specific of neoplastic conversion have not been revealed (Oberling and Bernhard 1961). However, it is possible to enumerate certain phenomena which are observed in transformed cells. There is considerable diversity between the neoplastic cells and the normal homologous cells from which the former originate. It is substantiated that neoplastic cells tend to have an increase of the mucopoly saccharide layer of the cell surface (Martinez-Palomo 1969). The above remarks have nothing to do with the neoplastic phenomenon. Regarding the surface mucopolysaccharides of culture cells, no characteristic changes in their thickness were found in transformed cell line (Vorbrodt and Koprowski 1969) . The present data showed that the amount and thickness of cell surface of the cell line were variable with different cell lines. The MC-1 cell line has significantly thick mucopolysaccharide-rich coat, but the thickness of the coat changes in proportion to its growth rate and cultural condition (Figs. 9 and 10; Table 4 ).
The present work elucidated that cytoplasmic fibrils, which are closely packed with elongated 60-80A filaments, are arranged just beneath the plasma membrane, and similar filaments, forming a loose framework, are dispersed in the cytoplasmic matrix, as shown in Figs. 6 and 7. They were greatly increased when the cultures were left without transfer for longer periods of time, and newly forming collagen fibrils were found on the cell surface in close relation to these cytoplasmic fibrils (Fig. 9) . These differentiated functions, such as the production of some fibrillar precursor or collagen, were preserved under this condition in the MC-1 cell line from a rat fibrosarcoma. The persistence of this function seems to depend on the cultural condition of the cell line. Goldberg et al. (1963) and Todaro et al. (1964) concluded that this function is exaggerated when the cells are allowed to grow into multilayer and left without transfer. On the contrary, such highly differentiated cell functions are lost when mammalian cells examined are serially cultured in vitro under the condition where rapid growth occurs. From this finding it may be suggested that these differentiated and maturated functions of transformed cell line are reverted to some cultural conditions by their growth rapidity.
The cytoplasm of cancer cells may contain numerous lysosomes of various origins, resulting from degenerative processes relating to their growth and from active phagocytic characteristics (Oberling and Bernhard 1961) . This is true in the MC-1 cell line. The affinity of the cytoplasm of neoplastic cells to basic stains has been described to be related to differentiation or anaplasia, and the cyto plasmic basophilia obviously depends on the presence of the numerous, untached free ribosomes or polysomes (Oberling and Bernhard 1961, Onoe 1966) . The tendency of increase in ribosomes or polysomes in malignant cells has been found in inverse proportion to the decrease of organized rough ERs. Further, the rise and fall of organized ERs and free ribosomes have been described to depend on the cell function in their growth condition (Onoe 1966 ). There were vesicles, which were swollen and filled with dense granular material, probably representing secretory products, as stated in a series of investigations of Oberling and Bernhard 1961, and of Bernhard and Granboulan 1968. Filamentous structures were contained in dilated ERs, but their meaning is not yet quite clear. They are connected morphologically with the cytoplasmic filaments. This observation suggests a relationship between this organella and the synthesis of the filaments. Their fibroblast-like morphology and the comparison of ultrastructure of this transformed cell line with that of the original fibrosarcoma as well as with that of normal fibroblasts show a close similarity. There are numerous phagocytic vesicles (V) and collagen fibers (VF) along th e cell membrane. I ncreased free ribosome particles forming rosettes (arrow) . 
